In the present paper an extensive study of rectangular cross-sectioned C-duct and C-diffuser is made by the help of 2-D mean velocity contours. Study of flow characteristics through constant area duct is a fundamental research area of basic flu id mechanics since the concepts of potential flo w and frictional losses in conduit flow were established. C-ducts are used in aircraft intakes, co mbustors, internal cooling systems of gas turbines, ventilation ducts, wind tunnels etc., while d iffuser is mechanical device usually made in the form of a gradual conical expander intended to raise the static pressure of the fluid flowing through it. Flow through curved ducts is more co mp lex co mpared to straight duct due to the curvature of the duct axis and centrifugal forces are induced on the flowing flu id resulting in the development of secondary motion (normal to the primary flow d irect ion) which is manifested in the form of a pair of contra-rotating vortices. For a diffuser in addition to the secondary flow, the diverging flo w passage, which causes an adverse stream wise pressure gradient, can lead to flow separation. The combined effect may result n non uniformity of total pressure and total pressure loss at the exit . A comparat ive study of different turbulent models available in the Fluent using y  as guidance in selecting the appropriate grid configuration and turbulence models are done.
I. INTRODUCTION
Diffuser is a mechanical device usually made in the form of a gradual conical expander intended to raise the static pressure of the fluid flowing through it. Specific use of a diffuser with a proper area ratio should also ensure an adequate amount of uniform flow at the outlet together with a considerable static pressure. Diffusers play an important role in many engineering and industrial applications to accomplish the objectives under geometric constraints. In aircraft gas turbines, high velocity air fro m the wing or fuselage first flows through a diffusing intake where it is decelerated for increasing the pressure, and then fed to the engine compressor. In the design of ventilation and air conditioning systems, diffusers are commonly used for discharging the conditioned air into the space to be cooled in order to reduce the air velocity and increase the static pressure. In these applications, on one hand there is restriction on space as well as design compatibility to match with the shortest possible duct length, while on the other hand, given cross-sectional shapes at inlet and outlet of the duct has to be satisfied; this compelled to the use of curved diffusers. C-ducts are used in aircraft intakes, combustors, internal cooling system of gas turbines, ventilation ducts, wind tunnels etc. Heat exchangers in the form of curved ducts are used widely in food processing, refrigeration and hydrocarbon industries. Gas turbine engine components such as turbine compressors, nozzle etc. utilise several comp lex duct configuration. Performance of duct flow depends upon the geometrical and dynamical parameters of the duct. So it is very much essential to design the duct with proper geometry to imp rove the performance.
Study of flow characteristics through constant area ducts is a fundamental research area of basic fluid mechanics since the concepts of potential flow and frictional losses in conduit flow were established. Duct is a part and parcel of any flu id- Obviously, compared to a straight duct, flow in a curved duct is more co mp lex due to curvature of the duct axis. It induces centrifugal forces on the flowing flu id resulting in the development of a secondary motion (normal to primary direction of flow) wh ich is manifested in the form of a pair of counter-rotating vortices. Depending on the objective, fluid mechanical systems often demands for the design of ducts with complex geo metry (like inlets, nozzles, diffusers, contractions, elbows etc) albeit with high efficiency . In these applications, design of the ducts is based on the mathematical formulat ion of the flow field fo r the prescribed condition. Flo w develop ment in the cu rved d iffusers is a co mplicate p rocess in fluenced by d ifferent geo met rical paramet ers like 2θ, Δβ , AR, A S, centreline shape etc. as well as the dynamical parameters like in let Mach nu mb er, in let turbulence etc. In any int ernal flo w, flu id near the flo w axis moves at h igher velocity than the flu id near the walls due to the in fluence of boundary layer. In a cu rved d iffuser, due to the presence of centreline curvature, flu id near the flow axis is acted upon by a larger centrifugal force than fluid near the walls. This centrifugal p ressure difference (transverse pressure gradient) forces the faster moving fluid to move outwards pushing the fluid in the boundary layer at the outer wall around the sides towards the inner wall; thus a significant secondary flow (normal to the primary flo w direction) is produced. In addition, the diverging flow passage, which causes an adverse stream wise pressure gradient, can lead to flow separation. The combined effect may result in nonuniformity of total pressure and total pressure loss at diffuser exit.
RESEARCH ARTICLE OPEN ACCESS
Probably, Fo x & Kline, 1962, carried out the first systematic studies on 2-D curved diffusers. They analyzed the performance of the diffusers by varying the ratio between the centreline length to inlet diameter and also varying the angle of turn. They concluded that a stall occurred at an angle equal to or greater than 50°. Shimizu et al., 1986 experimentally studied the performance and internal flow through twisted Sshaped (coiled), U shaped, and snake shaped bend diffusers having circular cross-section and different area ratios (1.3 to 15.9), d ivergent angles (3°, 6°), and curvature ratios (3, 6), which they have described in their 1st and 2nd report. They found that the generated separation in the upstream portion of the diffuser was detrimental to the performance of the diffusers, which could be overcome by varying the inlet velocity distribution and proper selection of an optimu m comb ination of the divergent angle and the radius to curvature ratio. Shimizu et al., 1992 experimentally inv estig ated the influence of aspect ratios (0.25 to 8) on the performance and generation of secondary flow in sinuous conduits of rectangular crosssection. They observed that the hydraulic losses decrease with increase in aspect ratio, and in case of smallest aspect ratio flow separation occurred in downstream sections resulting in large hydraulic losses. The number of secondary vortex pairs was found with the increase in aspect ratio (1 to 4 to 8). Do miny and Kirkham, 1996, made extensive analysis of the influence of wakes on the flow through diffusing S shaped annular duct. Based on the inlet velocity distribution (with wakes and without wakes) they found that the simp le axial wakes strongly influence the flow, by affect ing not only the hub and casing boundary layers but also more significantly the strong secondary flows, resulting in total pressure distortions. Majumdar et al., 1988 experimentally studied flow through a high aspect ratio (AS=6), AR = 2, Δβ = 90°, centreline length 0.6m, and Rc = 0.382m curved diffuser. They observed that the streamwise bu lk flo w shifted to wards the outside vertical wall, wh ich was main ly due to the centrifugal effect arising out of the centrelin e cu rvature. Th ey studied wall pressure distribut ion and found that the wall stat ic p ressure increased continuous ly on both convex and con cave walls due to diffus ion and showed a p ressure recovery close to 50%. They also observed that there was no separat ion in the d iffuser except for a s mall pocket of separat ion on the convex wall just at the exit of the diffuser. Count er rotat ing vo rtices were detected fro m 300 tu rn of the diffuser. Anand et al., 2003 experimentally invest igated the in fluence of the turning ang le (15°/ 15°, 22.5°/ 22.5°, and 30°/30°) on the performan ce characteristics and the structure of the flo w through a long S-shaped circu lar diffuser. Velo city , static p ressure and total pressure d istributions were measured at different p lanes along the length of the d iffuser using a five hole impact prob e and the turbu lence intensity distribut ion at those planes were measured using a no rmal hot-wire probe. Th ey found that the static p ressure recovery coefficients of these test diffusers decreased with increase in the turn ing ang le and were to be always lo wer than the ideal value of 0.72. The lo w perfo rmance is attributed to the generation of secondary flo ws due to geo met ric curv ature and add it ional losses as a result of h igh surface roughness (-0.5mm) of the diffusers. Th e pressure recovery coefficients of these circu lar test diffusers were co mparat ively lo wer than that of an S-shaped rectangu lar d iffuser of nearly the same area rat io , even with a larger tu rn ing ang le (90°/ 90°,). Th e total p ressure loss coefficient fo r all the diffusers were nearly the same and seemed to be independ ent of the ang le of tu rn. The flo w distribut ion was found to be more un ifo rm at the exit fo r diffusers with h igher ang le of turn . ElAskary and Nasr, 2009 studied tu rbu lent flo w through a co mb ined bend -diffuser system, consisting of a 90° bend fo llo wed by a d iffuser of rectangu lar cross-section and d ifferent angles (2θ) rang ing fro m 6°-30° at different in flo w Reyno lds nu mbers. Experimental and simu lated results showed that , depend ing upon the in let Reyno lds nu mber there is an opt imu m d iffuser ang le, which produces min imu m pressure loss and hence good performan ce of such co mp lex geo met ry. Th e asy mmetry of flo w in the d iffuser due to the installat ion of a bend at the upstream g enerates a side load to th e diffuser wall, wh ich increases with increas ing d iffuser ang le and Reyno lds nu mber.
Ro we, 1970, carried out experiments on circu lar 90° and 180° turn cu rved du cts with Re=0.4xl0 5 and repo rted the gen erat ion of contra rotat ing vort ices with in the b ends. Bansod & Bradshaw, 1972 , studied the flo w characteristics with in the 22.5°/ 22.5° S shaped constant area ducts of different lengths and rad ii of curvatu re. They repo rted th e develop ment of a pair of cont rarotat ing vort ices in the lo w p ressure zone at the exit of the duct wh ich was the consequence of the effect of stream wise vort ices developed in the first half o f the duct . En ayet et al., 1982, investig ated the turbu lent flo w characteristics through 90° circu lar curv ed duct of cu rvatu re rat io 2.8. It was observed that the th ickness of the in let boundary layer has a significant role on generat ion of secondary mot ion with in the duct . Azzola et al., 1986 , h ave studied the tu rbu lent flo w characteristics through 180° circu lar b end with cu rvatu re rat io of 3.375 th rough experiments as well as co mputat ional methods. They observed a pair of cont ra-rotat ing vo rt ices arising out of seconda ry mot ion in both experimental and nu merical studies. Lacov ides et al., 1987, repo rted the flo w p red ict ion with in 90° curved duct using nu merical simu lat ions based on the exp erimental invest igat ion by Taylo r et al., 1982. They adopted finit e volu me app roach tu solve the semi-ellipt ical fo rm of equat ion fo r 3-D flo w analysis consid ering the wall funct ion in the reg ion close to the wall. The resu lt shows a good agreement b et ween the experimental and nu merical an alys is. Th angam and Hur, 1990, studied the secondary flo w of an inco mp ressible viscous flnid in a curv ed rectangu lar duct by using a finit e volu me method . Th ey repo rted that with the increase of Dean Nu mb er the secondary flo w structure evo lves into a doub le vo rtex pair fo r lo w aspect rat io ducts. Th ey co rrelated frict ion facto r as a funct ion of the Dean Nu mber and aspect ratio . Kim and Patel, 1994 , hav e investig ated on a 90° curv ed duct of rectangu lar cross-section with aspect ratio 6 us ing five-hole probe and cross-wire hot wire anemo meter. Th ey repo rted the fo rmat ion of vort ices on inn er wall due to the pressure driven secondary mot ion origin ated in the co rner reg ion of curved duct . 
II. EXPERIMENTAL FACILITY
The experiments were conducted in the Aerodynamics Labo rato ry, Nat ional Institute of Techno logy, Du rgapu r. The measurements were carried out in an op en-circu it wind tunnel (refer to Fig.1) . A cent rifugal air b lo wer coup led with a 3-Phase, 5.5kW, and 2870 rp m electric moto r delivered air th rough a d iffuser o f area ratio 3.65 and of length 1.38m, into a large sett ling chamb er. A flexib le coup ling made of canvas, installed in between the blo wer exit and the d iffuser, was used to isolat e the settling chamber fro m trans mission of v ib rat ion of the b lo wer and driving moto r. The rate of mass flo w of air through the test rig was contro lled by thrott ling the blo wer suction with the help of a flap g ate mounted on it . Th e settling chamber, 2.88m in length and 0.6m in diamet er, was prov ided with a flo w passage hav ing a honeyco mb structured cross section and th ree sets of ny lon screens at three different locations, to straighten the flo w and reduce the level o f tu rbulence. A contract ion piece of 0.4m length, sy mmetric about the centre line and made fro m p ly wood was installed in (convex and concave) are fabricated with 3mm thick perplex sheet. These side walls of the ducts are made by bending the sheet and fastened by screws with the top and bottom parallel walls. The rad ii of curvature of outer and inner curved walls of duct of radius 407mm and 357mm respectively. The mean radius of the curvature of the duct is 382mm (Rc). Two straight constant area ducts of cross sectional area 50mm X 50mm were attached as extension pieces at the inlet and exit respectively. The length of the two extension pieces are 100mm. They help fixing the inlet and outlet condition of the flow. There are six sections considered at the middle point of these six pieces of rectangular curved duct. These sections are inlet-section, section-A, section-B, section-C, section-D and outlet-section as shown in Fig.3 .
Fig .3 . Geo met ry of 90° Cu rved Du ct and M easu ring Lo cat ions

III. RESULTS AND DISCUSSION
Flow develop ment in the curved flo w passage is a complicate due the influenced by different geometrical parameters like total angle of divergence (2θ), angle of turn (Δβ ), area ratio (A R), inlet aspect ratio (AS), centreline shape etc. as well as the dynamical parameters like in let Mach number, inlet turbulence etc. In the present study, experimental investigations have been carried out on curved diffusers to enable a comparative study of the flow development and performance characteristics for different centre line shapes and different inlet mass averaged velocities. The straight inlet duct, between the contraction section and the test pieces under investigation, was short (2Wl) and the Inlet Section was located at its mid-length. The flow at the inlet was mostly fully developed with a uniform velocity distribution throughout. At the inlet the mass average velocity is maintained at 40m/s in both the cases. It is evident that there develops a velocity gradient in the transverse direction for both the C-shaped constant area duct and C-shaped diffuser which is mainly due to the influenced of the centrifugal action of the centreline curvature and also the same is attenuated in the case of C-shaped diffuser due to the adverse pressure gradient. The Fig. 4 depicts the distribution of mean velocity in the form of 2-D contours. 
Computational methodology and boundary layer condition for C duct
The pre pro cessor GA M BIT is used to create the g eo metry defin ing the p roblem and descrize the do main wh ile FLUENT 6.9 is emp loyed to descrize and solve the govern ing equations. The generated mesh size was 10 5 cells. Three boundary cond it ions are specified, i.e. velocity in let , p ressure out let and wall. No s lip boundary cond itions were applied to the walls of the duct. Fo r velocity in let boundary cond it ion the turbulent intens ity was taken as 10% and the hydrau lic d iameter was taken as 66.67mm where as for pressure out let boundry cond it ion the backflo w modified turbu lent v iscosity was taken as 0.001 m 2 /s. 
Computational methodology and boundary layer condition for C diffuser
The pre-processor GAM BIT is used to create the geometry defining the problem and discretize the domain while FLUENT 6.9 is employed to discretize and solve the governing equations. Initially the mesh size of 388311 cells was created Three boundary conditions where specified, i.e. velocity inlet, pressure outlet and wall. No slip boundry conditions were applied to the walls of the duct. During the creating of the mesh boundary layer was taken under consideration and the mesh near the walls of the diffuser was dense in comparison with the other region of the diffuser. A turbulence intensity of 6% and a hydraulic diameter of 0.0666 were taken for inlet and outlet boundary conditions. The standard k-ε, standard k-ω and RSM turbulence models where 
IV. CONCLUSION
Fro m both experimental and numerical results shows that the high mo mentum fluids shifted towards the outer wall due to the generation of secondary motion for both C-shaped constant area duct and diffusing duct. 
